Objective: Although endovascular repair of ruptured abdominal aortic aneurysms (rAAAs) is increasingly more prevalent and may yield better results, open repair of rAAAs is still commonly performed. Our goal was to assess the contemporary practice patterns and outcomes of open repair of rAAA.
Ruptured abdominal aortic aneurysm (rAAA) is a common, life-threatening vascular surgical emergency. 1, 2 The implementation of nationwide screening of at-risk individuals has resulted in a decrease in incidence. 3 Endovascular aneurysm repair (EVAR) has gained popularity as a first-line treatment for rAAA in many centers, and numerous retrospective studies have shown a clear advantage of reduced short-term mortality and increased long-term survival when EVAR is used compared with open aneurysm repair (OAR). [4] [5] [6] [7] [8] In addition, the popular utilization of EVAR has been associated with a decrease in postoperative mortality for rAAA repair and a decrease in the incidence of rAAA. 9 The resources required to execute a standardized rAAA EVAR protocol, proper imaging, access to appropriate grafts and consignments, anatomic constraints, and the surgeon's experience can make EVAR for rAAA prohibitive at some centers. 1, 10 As such, OAR is still performed to treat rAAA in many centers. However, there are few contemporary data on OAR for rAAA in the endovascular era.
Our goal was to determine the nature of contemporary rAAA cases treated by OAR. We conducted this analysis using the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) targeted database for OAR of rAAA, which provides specific information about presentation of patients, anatomic aneurysm characteristics, and surgical approach. Although previous studies have assessed open rAAA data, the targeted NSQIP database allows multicenter retrospective analysis to adequately characterize the nature of the aneurysms and the operative details.
METHODS
ACS NSQIP. The ACS NSQIP targeted AAA database was queried for patients who underwent open surgical repair for rAAA from 2011 to 2014. The proceduretargeted ACS NSQIP database for vascular procedures was used to supplement the standard NSQIP data. The ACS NSQIP database represents a multi-institutional, national effort to collect prospective risk-adjusted data surrounding surgical outcomes and includes surgical cases from >750 community and academic medical centers. Patient demographics, surgical details, and 30-day postoperative outcomes are collected by a dedicated clinical reviewer at each site. 11 The data collection process and validation of the ACS NSQIP database have previously been reported. 12, 13 The procedure-targeted data set includes details about specific high-volume cases and allows a greater understanding of operative details. 14 The Boston University Institutional Review Board approved the current study, and informed consent was waived. The ACS NSQIP and the hospitals participating in the ACS NSQIP are the source of the data used herein; they have not verified and are not responsible for the statistical validity of the data analysis or the conclusions derived by the authors.
Data.
Patients who underwent OAR for rAAA were identified within the ACS NSQIP data set by Current Procedural Terminology (American Medical Association, Chicago, Ill) codes. The codes 35082 and 35092 were used to include all ruptured aneurysms that underwent open repair, including those with visceral vessel involvement. Patient demographic information including age, gender, race, body mass index, smoking status, and functional status was recorded. This study also collected information about pre-existing comorbidities listed in Table I . Aneurysm characteristics and operative details are recorded in Table II . Furthermore, we collected information about revascularization of renal, visceral, or lower extremity vessels as well as any concurrent abdominal nonarterial procedure. Outcomes of interest were in-hospital and postoperative mortality, postoperative length of stay, cardiac complications (myocardial infarction [MI]/cardiac arrest), pulmonary complications (reintubation, pneumonia, and prolonged postoperative ventilation), wound complications (superficial, deep, or organ/space surgical site infection and dehiscence), development of ischemic colitis, renal failure, and hospital readmission within 30 days of discharge. Progressive renal insufficiency in the NSQIP is defined as a rise in creatinine concentration of >2 mg/dL from preoperative value, but with no dialysis within 30 days of the operation. Acute renal failure is defined as new-onset dialysis within 30 days of the operation.
Analysis. The patient demographics, procedure details, and postoperative outcomes were assessed as percentages of the whole cohort. Continuous variables such as age, body mass index, and length of stay were described using means, medians, ranges, and standard deviations. Multivariable logistic regression was used to determine risk of death, MI/cardiac arrest, and pulmonary complications based on patient demographics and comorbidities, extent of the index aneurysm, and surgical approach. The findings of the logistic regressions were expressed using adjusted odds ratios (ORs) and corresponding 95% confidence intervals (CIs), with statistical significance defined as P < .05. SAS 9.3 software was used for all statistical analysis (SAS Institute, Cary, NC).
RESULTS
There were 404 patients identified with rAAAs who underwent OAR between 2011 and 2014. The average age of included patients was 72 6 9.4 years, the majority of whom were male (76.2%). A slight majority of the patients were current nonsmokers (56.4%), and most were functionally independent in carrying out activities of daily living (96.4%). The most common comorbidities were hypertension (66.3%), chronic obstructive pulmonary disease (COPD) (19.3%), and bleeding disorders (12.9%). Patients had prior open abdominal surgery in 27% of cases (Table I) .
At presentation, 230 patients were hypotensive (56.9%). Nearly all cases were completed by vascular surgeons (97.3%). The proximal extents of the aneurysms were mostly infrarenal (52.5%), followed by juxtarenal (24.3%). The distal extent of the aneurysm was the aorta (38.6%), common iliac artery (34.2%), or external iliac 
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Recommendation:
The authors suggest retroperitoneal approach, whenever possible, for repair of ruptured abdominal aortic aneurysms. Hypotension, advanced age, chronic obstructive pulmonary disease, and cardiac complications are risk factors to be considered for prediction of perioperative mortality and complications. artery (3.7%). Whereas 81.2% of surgeons used a transperitoneal approach, a retroperitoneal approach was used in 16.3% of cases. Lower extremity, renal, and visceral revascularization took place in 7.9%, 6.4%, and 2.2% of cases, respectively. Concurrent abdominal nonarterial procedures were performed on 22 patients (5.4%; Table II) .
In-hospital mortality after aneurysm repair was 31.2% and 30-day mortality was 35.6%. Postoperative complications included MI/cardiac arrest (18.3%), pulmonary complications (42.3%), wound infections (6.7%), ischemic colitis (9.4%), and acute renal failure (17.3%). Average length of stay was 13.1 6 12.7 days (median, 10; range, 0-84), and 4.5% of patients were readmitted within 30 days (Table III (Table VI) .
DISCUSSION
This contemporary analysis of open surgical repair of rAAA helps elucidate the current practice patterns of OAR and describes the outcomes observed for such patients. Surprisingly, most of the open repairs were for infrarenal aneurysms. Thirty-day mortality in this population was 35.6%, which is lower than that previously reported for OAR. 15 The majority of surgeons used a transperitoneal approach, which is independently predictive of mortality and cardiac events. Other predictors of 30-day mortality included advanced age and hypotension at presentation. The most commonly observed postoperative complications were pulmonary complications, followed by MI/cardiac arrest and acute renal failure. Hypotension at presentation and COPD independently predicted pulmonary complications. Previous studies published between 2000 and 2011 reported mortality rates after open repair that approach 50%, whereas our contemporary study finds the 30-day mortality rate to be 35.6% from 2011 to 2014. 4, 6, 7, 15, 16 This improvement in 30-day mortality may be due to advances in critical care and improvement in expeditious treatment of the rAAA patient; however, this is not clear from the data. With EVAR as an option for high-risk patients, such as those with advanced age or severe medical comorbidities, patients who are ill-suited for OAR can undergo a safer repair. 1, 17, 18 Previous studies have considered 30-day outcomes after open surgical repair of rAAA, particularly in the context of OAR compared with EVAR. Preoperative cardiac arrest, hypotension, and renal insufficiency have been shown to be risk factors contributing to the high 30-day mortality after rAAA repair, and renal insufficiency is associated with decreased long-term survival. In-hospital mortality after open surgical repair has been shown to be predicted by postoperative cardiac events, renal failure, coagulopathy, bleeding, and multisystem organ failure. 20 The retroperitoneal technique in elective repair is associated with lower incidence of cardiac and renal complications as well as shorter duration of mechanical ventilation and intensive care unit stay compared with the transperitoneal approach. 21, 22 When it is used in the setting of a ruptured aneurysm, the retroperitoneal approach is only associated with lower operative mortality, less ventilatory support, and reduced length of stay.
19
23
These findings are consistent with the current study, in which the retroperitoneal approach is associated with lower 30-day mortality and cardiac events. This approach causes less fluid and electrolyte imbalance and allows faster restoration of normal gastrointestinal physiology and decreased postoperative analgesia requirement.
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A retroperitoneal approach may also allow the surgeon to operate in a clean field if the rupture is on the contralateral side. The retroperitoneal approach could also represent a more stable patient. We did attempt to correct for this by incorporating hypotension at presentation into our analysis; however, the degree of hypotension or whether the patient has had a cardiac arrest can also influence the outcomes and would have been missed here. One recent analysis of the NSQIP targeted database showed that 21% of OAR and 6.6% of EVAR were used for rAAA. In comparison by rupture, approximately half were fixed open and half were fixed by EVAR. 24 The NSQIP database has also observed an improvement in mortality for emergency AAA repair over time. 16 From 2005 to 2011, there has been an overall decrease of mortality and major complications for both OAR and EVAR. This is consistent with our findings of improved mortality for OAR of rAAA compared with historical data. This study is not without some limitations. A major benefit of OAR is its longevity compared with EVAR; however, the 30-day follow-up of the ACS NSQIP database does not express the long-term outcomes of this group of patients. 7 As a retrospective database study, the inherent limitations of retrospective studies are present. Not all variables of interest may have been collected for every patient, potentially confounding some of the conclusions. In addition, the decision to perform an OAR vs an EVAR was made by each individual surgeon, and therefore there is an operator bias, which may have affected the postoperative outcomes. Nevertheless, our intention was to provide insight as to the current status of OAR of rAAA, specifically which patients surgeons are deciding to perform open repair on and how they fare postoperatively, and so some bias is intrinsic in the study design. Another confounder is that a retroperitoneal approach may be a marker for a more stable patient and therefore may partially explain the better outcomes.
Although we did adjust for hypotension, the degree of hypotension is not available in this database. The transperitoneal approach may have been more likely to be used for an unstable patient, thus potentially biasing our outcomes. Also, a center-specific database is not available in the NSQIP. This unfortunately also limits assessment of hospital type and volume. This also limits direct comparison to EVAR at the same institutions. More granular details that may influence treatment type, such as the surgeon's experience with EVAR, presence of a hybrid, and consignment of devices for EVAR, are also not available. Details about changes in clamp location during the case are not available; for example, it is unclear if a supraceliac clamp was used for initial control and then moved distally for repair.
CONCLUSIONS
The majority of contemporary open rAAA repairs were performed for infrarenal aneurysms. Contemporary mortality rates after open surgical repair of rAAA have decreased compared with older studies, maintaining OAR as a valuable treatment option, particularly in cases in which EVAR is not available or possible. The transperitoneal approach is associated with higher mortality and cardiac complications, and so the retroperitoneal approach may be preferred when it is feasible.
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